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1/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SKDVHQRLVHUHGXFWLRQFRKHUHQFHHVWLPDWLRQDFFXUDF\DQGVSDWLDOUHVROXWLRQRIRXU1/ILOWHUDUHFRPSDUHGWR
FRQYHQWLRQDOILOWHUV)LQDOO\WKHILUVW7DQ'(0;'(0ZLWKPUHVROXWLRQDQGORZ QRLVHOHYHO LVSUHVHQWHG
 ,QWURGXFWLRQ
7KH PDMRUPLVVLRQJRDORI7DQ'(0;LVWKHJHQHUDWLRQ
RI D JOREDO GLJLWDO HOHYDWLRQ PRGHO '(0 RI JOREDO
KLJK TXDOLW\ P SRVWLQJ FORVH WR +57, VWDQGDUG
>@)RUVHOHFWHGDUHDVDOVRP'(0VDOVRUHIHUUHGWR
DV )'(0V VLPLODU WR +57, VWDQGDUG ZLOO EH SUR
GXFHG7KLVUHTXLUHV KRZHYHU DGGLWLRQDOLQWHUIHURPHWULF
DFTXLVLWLRQVZLWKKLJKHUEDVHOLQHV7DEOHOLVWVWKHTXDO
LW\SDUDPHWHUVRIWKHVHWZR'(0VWDQGDUGV
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7DEOH*ULGVL]H DQGDFFXUDFLHVRI+57,DQG'(0V
,Q6$5SURFHVVLQJRIDOO7DQ'(0;GDWDLVSHUIRUPHG
E\'/5¶V,73³,QWHJUDWHG7DQ'(0;3URFHVVRU´ >@
>@ 6LQFH WKH GDWD YROXPH DQG SURFHVVLQJ ORDGRI WKH
7DQ'(0; JURXQG VHJPHQW LV HQRUPRXV IDVW SUR
FHVVLQJ DOJRULWKPV KDG EHHQ SUHIHUUHG LQ WKH GHYHORS
PHQW RI WKH V\VWHPV ,Q SDUWLFXODU WKH LQWHUIHURPHWULF
SKDVHQRLVHUHGXFWLRQUHTXLUHGWRPHHWWKH7DQ'(0;
UHTXLUHPHQWVLVSHUIRUPHGE\DFRQYHQWLRQDOî RUî
ER[FDU ILOWHU GHSHQGLQJ RQ WKH UDQJH UHVROXWLRQ 7KH
SXUSRVHRIRXULQYHVWLJDWLRQLVWRGHVLJQDPRUHLQWHOOL
JHQW ILOWHU WKDW UHVXOWV LQ EHWWHU QRLVH VXSSUHVVLRQ DQG
WZLFH WKH UHVROXWLRQ:HZLOO FDOO WKH UHVXOWLQJ'(0D
³P'(0´7KH ILOWHU VKDOO DOVR GHOLYHU D OHVV ELDVHG
DQGOHVVQRLV\FRKHUHQFHHVWLPDWHWRVXSSRUWSKDVHXQ
ZUDSSLQJ 7KLV LV KRZHYHU LV QRW WKH VWDQGDUG SUR
FHVVLQJ IRU WKH P )'(0V LQ ZKLFK DGGLWLRQDO 7DQ
'(0;SDLUVDUHUHTXLUHGDVLQSXWV
:HZLOOXVH QRQORFDO 1/ ILOWHUV >@>@ WKDWKDYHEHHQ
VKRZQWRUHGXFHSKDVHQRLVHZKLOHZHOOUHWDLQLQJVWUXF
WXUHVVXFKDVOLQHDUIHDWXUHV DQGHGJHV5DWKHUWKDQDY
HUDJLQJSL[HOVLQDORFDOQHLJKERUKRRGVXFKDVUHFWDQJX
ODUZLQGRZVGLUHFWLRQDOZLQGRZVRUVSDWLDOO\FRQQHFW
HGDGDSWLYHUHJLRQV 1/ ILOWHUVFRQVLGHUSL[HOVLQDODUJH
VHDUFKDUHDDQGZHLJKWWKHPDFFRUGLQJWRVRPHVLPLODUL
W\ PHDVXUH 7KH QXPEHU RI SL[HOV WR EH DYHUDJHG LV
PXFK KLJKHU WKDQ ZLWK D PRGHUDWHO\ VPRRWKLQJ ORFDO
ILOWHU 7KH VLPLODULW\ PHDVXUH DYRLGV ³VPRRWKLQJ RYHU
HGJHV´DQGKHOSVUHVROXWLRQ SUHVHUYDWLRQ
,Q WKLV SDSHUZH SUHVHQWPRGLILFDWLRQV RI WKH RULJLQDO
1/ILOWHUZKLFKUHQGHU LWPRUHDSSURSULDWHDQGHIILFLHQW
IRUPDVVLYHSURFHVVLQJRI7DQ'(0;GDWD)XUWKHUZH
LQYHVWLJDWHWKHQRLVHUHGXFWLRQSURSHUWLHV DVZHOODV WKH
UHVROXWLRQDQGWKHFRKHUHQFHHVWLPDWLRQDFFXUDF\RIWKH
QHZ1/ILOWHU:HSUHVHQWDILUVWP7DQ'(0;'(0
DQGGHPRQVWUDWH WKH LQFUHDVHGTXDOLW\FRPSDUHG WR WKH
VWDQGDUG 7DQ'(0; P SURGXFW$OVR IXWXUH JOREDO
,Q6$5 PLVVLRQV OLNH 7DQGHP/ ZLOO JUHDWO\ EHQHILW
IURPWKLVW\SHRIILOWHUV
 1RQORFDO,Q6$5)LOWHULQJ
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E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F
)LJ   /RFDOYVQRQORFDOFRQFHSWV *UHHQ WDUJHWSL[HOWREH
HVWLPDWHG \HOORZ SL[HOVFRQVLGHUHGWREHVLPLODUWRWKHWDUJHWSL[
HODUHFWDQJXODUZLQGRZORFDOEDGDSWLYH± EXWVWLOOORFDO±
ZLQGRZFQRQORFDOZLQGRZ
 1RQORFDO &RQFHSW
7KH 1/PHDQV FRQFHSW SURSRVHG LQ >@>@ WDNHV DG
YDQWDJHRIWKHKLJKGHJUHHRIUHGXQGDQF\RIDQ\QDWXUDO
LPDJH ,WPHDQV WKDWHYHU\ IHDWXUHHGJHSRLQWHWF LQ
DQ LPDJHFDQEHIRXQGVLPLODUO\PDQ\WLPHVLQWKHVDPH
LPDJH,QVSLUHGE\WKHQHLJKERUKRRGILOWHUVDVGHSLFWHG
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LQ)LJDDQGEWKH1/PHDQVFRQFHSWUHGHILQHVWKH
³QHLJKERUKRRGRIDSL[HO L´ LQDYHU\JHQHUDO VHQVHDV
DQ\VHWRISL[HOVM LQWKHLPDJHORFDORUQRQORFDOVXFK
WKDW D VPDOO SDWFK DURXQG M ORRNV VLPLODU WR WKH SDWFK
DURXQGL$OOSL[HOVLQWKDWQHLJKERUKRRGFDQEHXVHGWR
HVWLPDWHWKHYDOXHDWL DVVKRZQLQ)LJF
*LYHQDQRLV\LPDJH Y RQDGLVFUHWHJULG,
^ `_LY L Y , 
WKH HVWLPDWHGYDOXH ÖL 1/Y RIDQLPDJHSL[HOLVFRPSXWHG
DVDZHLJKWHGDYHUDJHRIDOOWKHSL[HOVLQWKHLPDJH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ZKHUHWKHZHLJKW  Z L M GHSHQGVRQWKHVLPLODULW\EH
WZHHQ WKH LPDJH SDWFK DURXQG SL[HO L DQG WKH LPDJH
SDWFK DURXQG M DQG VDWLVILHV    Z L Md d DQG
  M Z L M  ¦  ,QSUDFWLFHQRWDOOWKHSL[HOVLQWKHLPDJH
DUH XVHG IRU DYHUDJLQJ EXW RQO\ WKRVH LQ D VXIILFLHQWO\
ODUJHVHDUFKZLQGRZ 7KHPHDVXUHRIWKHSDWFKVLPLODUL
W\ ZKLFK OHDGV WR WKHZHLJKWV  Z L M GHSHQGV RQ WKH
VWDWLVWLFDOPRGHORIWKHLPDJLQJSURFHVV,QRXUFDVHLWLV
GHULYHGIURPWKH,Q6$5VWDWLVWLFV
 1RQORFDO,Q6$5)LOWHULQJ
)RUWKHGHULYDWLRQRIWKHZHLJKWVLQWKH,Q6$5FDVHVHH
>@7KHFRPSXWDWLRQLVLWHUDWLYHDQGUHVXOWVLQHVWLPDWHV
RIDPSOLWXGHFRKHUHQFHDQGSKDVHIRUHDFKSL[HO6LQFH
WKHVHSDUDPHWHUVDUHHVWLPDWHGMRLQWO\WKHUHVXOWVDUHLQ
JHQHUDO EHWWHU WKDQ VLPSOH SKDVHRQO\ HVWLPDWHV 7KH
6$5LPDJLQJSURFHVVVXJJHVWVHJDEUXSWFKDQJHV LQ
SKDVH DUHRIWHQ DFFRPSDQLHGE\ FKDQJHV LQ DPSOLWXGH
DQGFRKHUHQFH+HQFHWKHGLIIHUHQWSDUDPHWHUVPXWXDOO\
VXSSRUWHDFKRWKHU¶VHVWLPDWHV
 7ZR,PSURYHPHQWV
,Q WKLV VHFWLRQ ZH ZLOO GHVFULEH WZR LPSURYHPHQWV RI
WKH1/ILOWHUWKDWLQFUHDVHWKHQRLVHUHGXFWLRQFDSDELOLW\
E\LQFOXGLQJPRUHSL[HOVLQWKHHVWLPDWLRQSURFHVV7KH
GHWDLOHGGHVFULSWLRQZLOOEHJLYHQLQWKHILQDOSDSHU
 4XDOLW\$VVHVVPHQW
)RU WKH IROORZLQJ VLPXODWLRQVZH XVHG DSDWFK VL]H RI
î DQGDVHDUFKZLQGRZRIî
 1RLVH5HGXFWLRQ
7RDVVHVVLWVEHVWFDVHQRLVHUHGXFWLRQSRZHUZHDSSOLHG
WKH1/ILOWHUWRLQWHUIHURPHWULFVLPXODWLRQVRIDFRQVWDQW
SKDVH ZLWK YDU\LQJ FRKHUHQFH Ȗ ,Q )LJ  WKH QRLVH
VWDQGDUGGHYLDWLRQRIWKH1/ILOWHURXWSXWLVSORWWHGDVD
IXQFWLRQRIȖ WRJHWKHUZLWKWKHUHVXOWVRIER[FDUDYHUDJ
LQJ,IWKH1/ILOWHUXVHGDOORIWKHî SL[HOVRI
WKHVHDUFKZLQGRZZLWKHTXDOZHLJKWVWKHFXUYHRI)LJ
 ZRXOG IROORZ RQH IRU  ORRNV 6LQFH DOVR WKH
ZHLJKWV DUH HVWLPDWHV DQG KHQFH VWRFKDVWLF WKLV OLPLW
ZLOOQHYHUEHUHDFKHG5DWKHUWKHFXUYHIROORZVDSSUR[
LPDWHO\WKHRQHIRU ORRNVFRUUHVSRQGLQJWRDî
ER[FDUILOWHU
)LJ  3KDVHVWDQGDUGGHYLDWLRQDVDIXQFWLRQRIFRKHUHQFHIRU
GLIIHUHQWQXPEHURIORRNVDQGWKH1/ILOWHU
 &RKHUHQFH(VWLPDWLRQ
&RKHUHQFH HVWLPDWHV EDVHG RQ VPDOO ZLQGRZV DUH QRW
RQO\QRLV\EXWDOVRELDVHG >@7KHODWWHUDVSHFWLVSDU
WLFXODUO\ DQQR\LQJ VLQFH SKDVH XQZUDSSLQJ QHHGV LQ
IRUPDWLRQRQ ORZFRKHUHQFHDUHDV )LJ FRPSDUHV WKH
FRKHUHQFHHVWLPDWHVRIRXU1/ILOWHUZLWKWKHWUDGLWLRQDO
ER[FDU HVWLPDWHV$JDLQ WKH DGYDQWDJH RI XVLQJ PXFK
PRUHSL[HOVLQWKH1/HVWLPDWRULVHYLGHQW
)LJ &RKHUHQFHHVWLPDWHVDVDIXQFWLRQRIFRKHUHQFHIRUGLI
IHUHQWQXPEHURIORRNVDQGWKH1/ILOWHU
)LJ FRPSDUHV WKHFRKHUHQFHHVWLPDWHVDW WKH WHVWVLWH
6DLQW/DZUHQFH5LYHU QHDU0RQWUpDO VKRZQ LQ)LJ
D XVLQJ WKHî ILOWHU HPSOR\HG LQ WKH VWDQGDUG7DQ
'(0; SURFHVVLQJ FKDLQ E DQG WKH GHYHORSHG 1/
ILOWHUF)URPWKHRSWLFDOLPDJHRQHFDQREVHUYHWKDW
WKH WHVW DUHD LV DPL[WXUH RIZDWHU LQFRKHUHQW IRUHVW
PHGLXP FRKHUHQFH DQG XUEDQL]HG DUHDV KLJK FRKHU
HQFH $ JRRG ,Q6$5 ILOWHU VKDOO SURYLGH FRKHUHQFH
PDSVZLWKKLJKG\QDPLFUDQJH LHYHU\GDUN LQZDWHU
DUHDDQGYHU\EULJKWLQXUEDQL]HGDUHD)URP )LJ LWLV
HYLGHQWWKDWFRPSDUHGWRWKHER[FDUILOWHUWKH1/ILOWHU
SURYLGHV VLJQLILFDQWO\ OHVV ELDVHG FRKHUHQFH HVWLPDWHV
ZKLOHSUHVHUYLQJWKHILQHGHWDLOVLQWKHLPDJH
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
)LJ  &RPSDULVRQRIWKHFRKHUHQFHHVWLPDWHVDWWKHWHVWVLWH6W/DZUHQFHDRSWLFDOLPDJH*RRJOHHDUWKEFRKHUHQFHHVWLPDWHRI
WKHVWDQGDUG7DQ'(0; SURFHVVLQJFKDLQ EDVHGRQ îER[FDUILOWHUFFRKHUHQFHHVWLPDWHGE\1/PHDQVILOWHU7KHJUD\VFDOHIURP
EODFNWRZKLWHLQGLFDWHVDFRKHUHQFHYDOXHRIWR
 6SDWLDO5HVROXWLRQ
,QWKHSUHYLRXVVHFWLRQVZHKDYHGHPRQVWUDWHGWKDWRXU
1/ILOWHULVVXSHULRUWRDVWDQGDUGî DYHUDJLQJILOWHULQ
WHUPV RI SKDVH QRLVH UHGXFWLRQ DQG FRKHUHQFH HVWLPD
WLRQ1RZZHZLOO GHPRQVWUDWH WKDW WKH1/ ILOWHU DOVR
SURYLGHVDEHWWHU VSDWLDOUHVROXWLRQ)RUWKLVSXUSRVHZH
KDYHVLPXODWHGDWDUJHWIXQFWLRQUHSUHVHQWLQJVWHSIXQF
WLRQV LQSKDVH FRKHUHQFHDQGDPSOLWXGH VHHDOVR >@
)LJXUH VKRZV WKH ILOWHU UHVXOWV IURP WKHER[FDU ILOWHU
DQG RXU1/ ILOWHU:KLOH WKHER[FDU ILOWHU VPRRWKV WKH
HGJHV E\DERXWLWVVL]HLHVDPSOHVWKH1/ILOWHUDO
PRVWPDLQWDLQVWKHRULJLQDOVWHSZLGWKRIRQHVDPSOH
)LJ  3KDVHVWHSIXQFWLRQVILOWHUHGE\ER[FDUOHIWDQG1/ILOWHU
ULJKW
 7KH)LUVWP7DQ'(0;'(0
7KH P '(0 JHQHUDWLRQ LV EDVHG RQ WKH DIRUHPHQ
WLRQHG ,73 DW '/5 ,QWHUIHURPHWULF GDWD SURFHVVLQJ LV
SHUIRUPHGLQFOXGLQJVSHFWUDO VKLIW ILOWHULQJKLJKUHVROX
WLRQ LPDJHFRUHJLVWUDWLRQE\ IXVLQJDFRKHUHQWDQGLQ
FRKHUHQW FRUUHODWLRQ PHWKRG DQG UHVDPSOLQJ RI WKH
VODYHRQWRWKHPDVWHUFKDQQHO2XULPSURYHG1/ ILOWHULV
WKHQDSSOLHG6LQJOHRUGXDOEDVHOLQHSKDVHXQZUDSSLQJ
IROORZV$EVROXWHSKDVHRIIVHWWRJHWDEVROXWHKHLJKWLV
FRPSXWHG XVLQJ D UDGDUJUDPPHWULF DSSURDFK )LQDOO\
WKLV DEVROXWH SKDVH LV JHRFRGHG WR JHW WKH GHVLUHG P
7DQ'(0;'(0
7KHILUVWP7DQ'(0;'(0RIDFRDOPLQHLQ+DP
EDFK*HUPDQ\ LVVKRZQLQ )LJ 2QO\DVLQJOH LQWHU
IHURJUDPZLWK DSKDVHWRKHLJKW FRQYHUVLRQ IDFWRURI 
 PF\FOH LV XVHG LQ WKLV H[SHULPHQW 7R H[DPLQH
WKHTXDOLW\RI WKH'(0D]RRP LQWR WKH -OLFKFLW\ LV
VKRZQ LQ )LJ  E DQG LV FRPSDUHG WR WKH VWDQGDUG
7DQ'(0;'(0ZLWKJURXQGVSDFLQJRIPVKRZQ
LQ)LJ D9LVXDOFRPSDULVRQVKRZVWKDWWKHP7DQ
'(0 '(0 SRVVHVVPXFKPRUHGHWDLOVHJVHHWKHDUHD
PDUNHG ZLWK JUHHQ ER[HV DQG UHPDUNDEO\ PXFK OHVV
QRLVHZKLFKFDQEHREVHUYHGIURPWKHIODWDUHDVHJWKH
DUHDPDUNHGZLWKUHGER[HV
$VLPLODUH[SHULPHQWLVSHUIRUPHGRQWKHWHVWVLWH6DODU
GH 8\XQL ZKLFK KDV D WRWDOO\ IODW VDOW ODNH DUHD 7KH
KHLJKWQRLVHPHDVXUHGRYHU WKLVDUHDZDVDERXWP
IRUWKHER[FDUILOWHUDQGPIRUWKH1/ILOWHULHDQ
LPSURYHPHQWRILVDFKLHYHGDOWKRXJKWKHUHVROXWLRQ
LVGRXEOHGLQERWKGLPHQVLRQV
 &RQFOXVLRQ
:HKDYHVKRZQWKDWDKLJKHUTXDOLW\'(0DSSURDFKLQJ
WKH+57,VWDQGDUGFDQEHDFKLHYHGIURPWKHVWDQGDUG
7DQ'(0;DFTXLVLWLRQVE\ DSSO\LQJ1/ ILOWHUV RQ WKH
LQWHUIHURPHWULF FRPSOH[ GDWD 7KH1/ ILOWHU DOVR JLYHV
XV VLJQLILFDQWO\ OHVV ELDVHG FRKHUHQFH HVWLPDWHV ZKLFK
VHUYHVDVDYHU\ LPSRUWDQW LQSXW IRUSKDVHXQZUDSSLQJ
² WKHFUXFLDOVWHSIRU'(0JHQHUDWLRQ
7KH GRZQVLGH RI WKH 1/ ILOWHUV LV WKHLU FRPSXWDWLRQDO
KXQJHU6SHHGLQJXSRI WKHVH ILOWHUV LV D UHZDUGLQJ UH
VHDUFKDQGGHYHORSPHQWWDVN
$FNQRZOHGJHPHQW
7KLV ZRUN LV VXSSRUWHG E\ WKH +HOPKROW]$VVRFLDWLRQ
XQGHUWKHIUDPHZRUNRIWKH<RXQJ,QYHVWLJDWRUV*URXS
³6L3(2´
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